Top-down cognitive control has been associated in adults with the prefrontal-parietal network. In children the brain mechanisms of top-down control have rarely been studied. We examined developmental differences in top-down cognitive control by monitoring event-related desynchronization (ERD) and event-related synchronization (ERS) of alpha-band oscillatory activity (8-13 Hz) during anticipation, target detection and post-response stages of a visual working memory task. Magnetoencephalography (MEG) was used to record brain oscillatory activity from healthy 10-year-old children and young adults performing the Categorical N-Back Task (CNBT). Neuropsychological measures assessing frontal lobe networks were also acquired. Whereas adults showed a modulation of the ERD at the anticipatory stages of CNBT and ERS at the post-response stage, children displayed only some anticipatory modulation of ERD but no ERS at the post-response stage, with alpha-band remaining at a desynchronized state. Since neuropsychological and prior neuroimaging findings indicate that the prefrontal-parietal networks are not fully developed in 10-year olds, and since the children performed as well as the adults on CNBT and yet displayed different patterns of ERD/ERS, we suggest that children may be using different top-down cognitive strategies and, hence, different, developmentally apt neuronal networks.
a b s t r a c t
Top-down cognitive control has been associated in adults with the prefrontal-parietal network. In children the brain mechanisms of top-down control have rarely been studied. We examined developmental differences in top-down cognitive control by monitoring event-related desynchronization (ERD) and event-related synchronization (ERS) of alpha-band oscillatory activity (8-13 Hz) during anticipation, target detection and post-response stages of a visual working memory task. Magnetoencephalography (MEG) was used to record brain oscillatory activity from healthy 10-year-old children and young adults performing the Categorical N-Back Task (CNBT). Neuropsychological measures assessing frontal lobe networks were also acquired. Whereas adults showed a modulation of the ERD at the anticipatory stages of CNBT and ERS at the post-response stage, children displayed only some anticipatory modulation of ERD but no ERS at the post-response stage, with alpha-band remaining at a desynchronized state. Since neuropsychological and prior neuroimaging findings indicate that the prefrontal-parietal networks are not fully developed in 10-year olds, and since the children performed as well as the adults on CNBT and yet displayed different patterns of ERD/ERS, we suggest that children may be using different top-down cognitive strategies and, hence, different, developmentally apt neuronal networks.
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Introduction
Top-down cognitive control is driven by a set of task-related rules. Commonly, it refers to the influence of information stored at higher neuronal centers upon sensory perceptual and motor networks, and serves the selection of target stimuli and responses. Top-down control is overtly revealed in brain activation related to anticipation of a target. Such anticipatory activation may engage task-specific networks related to spatial localization, object categorization, or maintenance of working memory (Martin, Ungerleider, & Haxby, 2000; Mishkin, Ungerleider, & Macko, 1983; Rizzolatti & Matelli, 2003; Serences, Schwarzbach, Courtney, Golay, & Yantis, 2004; Worden, Foxe, Wang, & Simpson, 2000) . The neural network that has been associated with visual top-down control encompasses lateral (dorsal frontal, inferior parietal) and medial (cingulate, temporal-occipital) cortical regions (Buckner & Carroll, 2007; Corbetta & Shulman, 2002; Raichle et al., 2001; Serences & Yantis, 2006; Shulman et al., 1997) . Mental chronometry studies have suggested varying degrees of frontal-parietal engagement at different stages of cognitive tasks (Halgren, Boujon, Clarke, Wang, & Chauvel, 2002; Posner & Rueda, 2002; Sternberg, 1969) . To our knowledge, neuroimaging data on the chronometry of top-down anticipatory processing in children has not been reported. Here we investigate the developmental differences in parietal-occipital activity related to top-down attentional control employed during consecutive stages of a visual working memory task.
The visual working memory task we used, Categorical N-Back Task (CNBT) (Ciesielski, Lesnik, Savoy, Grant, & Ahlfors, 2006) , is a new variant of the classical n-back working-memory task (Gevins & Cutillo, 1993) . It was designed (by KTC) as a computer game for children (Ciesielski, Lesnik, Ahlfors, Savoy, & Baedorf, 2004) . As a working memory paradigm it refers to time-limited processes of active memory representation of knowledge that is accessible later for further manipulation (Baddeley, 1986) . Thus, CNBT is a complex object-working memory paradigm, well suited for dissection of cognitive stages comprising stringent attentional focusing, active memory encoding, anticipation of a target according to internalized rules, cognitive categorical judgment and motor response.
